STARTER HAVING PINION MOVEMENT RESTRICTING MEMBER 



CROSS REFERENCE TO RELATED APPLICATION 
The present application relates to and incorporates herein by 
reference Japanese Patent Applications No. 2000-321160 filed on October 
20, 2000, and No. 2001-181278 filed on June 15, 2001. 

BACKGROUND OF THE INVENTION 

The present invention relates to a starter, in which a pinion shaft 
integrally moves backward and forward with a pinion. 

In a conventional starter disclosed in JP-A-2 000-9003 , a pinion 
shaft is integrated with an inner of a one-way clutch and a pinion is 
fitted to the pinion shaft in a rotation- restricted manner. The pinion 
shaft is integrally pushed forward with the pinion by using an attracting 
force (pull-in force for pulling a plunger) of a magnet switch. As shown 
in FIG. 9, a clip 100 is fitted in a circumferential recess 120 provided 
on the pinion shaft 110 to restrict the pinion from moving in an axial 
direction . 

However, a width of the circumferential recess 120 is set larger 
than a thickness of the clip 100 for installing the clip 100. Therefore, 
a clearance remains between the clip 100 and the pinion 130 so that the 
pinion 130 becomes unsteady against the pinion shaft 110. In this case, 
the pinion 130 is abraded by fretting due to small vibrations . As a result, 
a harsh chattering sound is generated at the time of starting an engine. 
Also, by the vibrations of the pinion 130, an abrasion of a ring gear 
which meshes with the pinion 130 is likely to increase. Further, 
right after the engine starts, if the pinion 130 is turned by a ring gear 



at high speeds, the clip 100 is expanded by a self-centrifugal force and 
disengaged from the recess 120. 

SUMMARY OF THE INVENTION 

In view of the foregoing problems, it is an object of the present 
invention to restrict vibrations of a pinion against a pinion shaft in 
a starter, in which the pinion is integrally pushed forward with the pinion 
shaft at the time of starting an engine. 

According to one aspect of the present invention, a pinion is fitted 
on a pinion shaft such that a rear end surface of the pinion is pressed 
against a step provided on the pinion shaft while a front end surface 
of the pinion is pressed backward through a restricting member such as 
a detent ring. Since the pinion is restricted from moving in an axial 
direction by being pressed against the pinion shaft, the vibrations of 
the pinion is decreased. 

Further, the restricting member fitted in a recess of the pinion 
shaft has a tapered surface on a front side inner periphery thereof . Also , 
a front rising wall defining the recess has a tapered wall so as to correspond 
to the tapered surface of the restricting member. When resiliency of the 
detent ring contracting radially inward is applied to the tapered wall 
defining the recess, a component force of the resiliency pressing the 
pinion axially backward is generated. Thus, the pinion is press-fitted 
against the step of the pinion shaft. In addition, a cover is provided 
for restricting the detent ring from expanding in the radial direction 
and being disengaged from the pinion shaft when the pinion shaft rotates 
at high speeds. 

According to another aspect of the present invention, a pinion shaft 



has a thrust receiving wall for restricting a pinion from moving axially 
backward. The pinion is fitted on the pinion shaft such that a rear end 
surface of the pinion adjacently faces the thrust receiving wall of the 
pinion shaft in an axial direction. When the pinion meshes with a ring 
5 gear of an engine at the time of starting the engine, the rear end surface 

of the pinion contacts the thrust receiving wall of the pinion shaft by 
a relative movement with the pinion shaft. Therefore, the pinion is 
restricted from inclining with respect to the pinion shaft. 

Further, a pressing member is provided between the pinion and the 



l<fj pinion shaft at the rear side of the pinion to press the pinion against 
hQ the detent ring with respect to the pinion shaft. Thus, the vibrations 
%] of the pinion against the pinion shaft is suppressed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
153 Other objects, features and advantages of the present invention 



01 will become more apparent from the following detailed description made 
H : with reference to the accompanying drawings. 
In the drawings: 

FIG. 1 is a schematic view of a starter, partially in cross-section, 
20 according to a first embodiment of the present invention; 

FIG. 2 is a cross-sectional view around a pinion according to the 
first embodiment; 

FIG. 3A is a front view and FIG. 3B is a cross-sectional view of 
a detent ring according to the first embodiment; 
25 FIG. 4 is a cross -sectional view around a pinion according to a 

second embodiment of the present invention; 

FIG. 5A is a front view and FIG. 5B is a cross-sectional view of 
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a detent ring according to the second embodiment; 

FIG* 6 is a schematic view of a starter according to a third embodiment 
of the present invention; 

FIG, 7 is a cross -sectional view around a pinion according to the 
5 third embodiment; 

FIG. 8 is a cross-sectional view around the pinion according to 
the third embodiment; and 

FIG, 9 is a cross-sectional view around a pinion according to a 
conventional starter. 

ji DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be described 
y hereinafter with reference to figures. 
;i (First Embodiment) 

153. As shown in FIG. 1, a starter 1 of the present embodiment has a 

Hi starting motor 2 for generating rotation force, a magnet switch 3 for 
N turning on the starting motor 2, an output shaft 4 driven by the starting 
motor 2, a pinion shaft 5 provided slidably in an axial direction of the 
output shaft 4 (right-left direction in FIG. 1), a pinion 6 fitted on 
20 the pinion shaft 5 in a rotation-restricted manner, a one-way clutch 7 

for transmitting a rotation of the output shaft 4 to the pinion shaft 
5, and the like. 

The starting motor 2 is a known d. c. motor. When a key switch 
(not shown) is turned on and an inner contact (not shown) in the magnet 
25 switch 3 is connected, an armature (not shown) is turned on and begins 

to rotate. 

The magnet switch 3 has a plunger 3a provided slidably in the axial 
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direction (left-right direction in FIG, 1 ) , and a winding 3b for generating 
pull-in force to shift the plunger 3a, The inner contact is 
connected/disconnected with a shift of the plunger 3a. Also, the pull-in 
force for shifting the plunger 3a is transmitted to the one-way clutch 
5 7 through a lever 8. 

The output shaft 4 is disposed in a coaxially aligned manner with 
a rotary shaft (not shown) of the starting motor 2. The rotation of the 
starting motor 2 is transmitted to the output shaft 4 via a gear reduction 
device (not shown). 

1Q;;J On an outer peripheral surface of a front end portion of the pinion 

;;|| shaft 5, splines 5a are formed to engage with the pinion 6 as shown in 
y FIG, 2. A rear side of the pinion shaft 5 is in a cylindrical shape and 
jyj the cylindrical portion is fitted on an outer periphery of the output 
si shaft 4 through a bearing 9 . The outer peripheral surface of the cylindrical 

153 portion of the pinion shaft 5 is supported rotatably and slidably (backward 
m and forward) against a bearing 11 fixed to a front casing 10. As shown 
f:;i, i n fig. 2, on the outer peripheral surface of the front end portion of 
the pinion shaft 5, a circumferential recess 13 for installing a detent 
ring 12 is formed. The detent ring 12 operates as an axial -movement 
20 restricting member. 

The one-way clutch 7 includes a clutch outer 7a for receiving a 
rotation of the output shaft 4 through helical splines, a clutch inner 
7b integrally formed with the cylindrical portion of the pinion shaft 
5, rollers 7c for transmitting a rotation of the clutch outer 7a to the 
25 clutch inner 7b, and the like. 

The one-way clutch 7 transmits the rotation of the output shaft 
4 to the pinion shaft 5 at the time of starting an engine. Further, when 
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a rotation speed of the pinion shaft 5 becomes higher than that of the 
output shaft 4 , the one-way clutch 7 interrupts a motive power transmission 
between the output shaft 4 and the pinion shaft 5 to restrict the armature 
from overrunning. 

As shown in FIG. 2, the pinion 6 is combined with the front end 
portion of the pinion shaft 5 through splines 5a. At a front end of the 
cylindrical portion of the pinion shat 5 , a step is provided for receiving 
the pinion 6 as a thrust receiving wall 5b. A rear end surface 6a of the 
pinion 6 is in press-contact with a thrust receiving wall 5b so that an 
axially backward movement of the pinion 6 is restricted, while an axially 
forward movement of the pinion 6 is restricted by the detent ring 12 fitted 
in the circumferential recess 13 of the pinion shaft 5. 

Here, as shown in FIG. 2, an axial distance of the pinion 6 between 
the rear end surface 6a and the front end surface 6b is defined as Ll, 
and an axial distance of the pinion shaft 5 between the thrust receiving 
wall 5b and a rear rising wall 13a defining the recess 13 is defined as 
L2. In the present embodiment, Ll is set larger than L2 (Ll>L2). 

As shown in FIG. 3A, the detent ring 12 is formed into a ring having 
an opening 12a at a position on its periphery- The detent ring 12 is fitted 
in the recess 13 provided on the outer peripheral surface of the pinion 
shaft 5. 

As shown in FIG. 3B, the detent ring 12 has a tapered surface 12a 
at a front side inner periphery thereof . Also , a front rising wall defining 
the recess 13 has a tapered wall 13b (see FIG. 2) so as to correspond 
to the tapered surface 12b of the detent ring 12. The inner diameter of 
the detent ring 12 is set slightly smaller than an outer diameter of the 
front end portion of the pinion shaft 5. 



For fitting the detent ring 12 in the circumferential recess 13, 
the opening 12a is expanded in the peripheral direction so as to increase 
the inner diameter and passed through the pinion shaft 5. Then, when a 
power for expanding the opening 12a is removed, the detent ring 12 contracts 
radially inward by a self-resiliency and fits in the recess 13. A rear 
surface (pinion side end surface) of the detent ring 12 press -contacts 
the front end surface 6b of the pinion 6. The tapered surface 12b of the 
detent ring 12 press -contacts the tapered wall 13b of the recess 13. 
Therefore, the detent ring 12 does not contract to an original form (state 
having no resiliency) so that the resiliency remains . Thus , the resiliency 
of the detent ring 12 is applied to the tapered wall 13b of the recess 
13 so that the component force of the resiliency is generated in the axial 
direction. This component force is applied to the front end surface 6b 
of the pinion 6 through the detent ring 12. 

A cover 14 is attached at the front end portion of the pinion shaft 
5 in order to restrict the detent ring 1 2 from expanding in a radial direction . 
As shown in FIG. 2, the cover 14 has a cap shape and covers the front 
end portion of the pinion shaft 5 and an outer periphery of the detent 
ring 12. An outer peripheral edge of the cover 14 is crimped in a step 
provided on a front periphery of the pinion 6. 

Next, operation of the starter 1 will be described. 

When the key switch is turned on, the inner contact in the magnet 
switch 3 is connected. The armature is turned on and begins to rotate. 
A rotation speed of the armature is reduced by the gear reduction device, 
and then, the rotation is transmitted to the output shaft 4. Further, 
the rotation of the output shaft 4 is transmitted to the pinion shaft 
5 through the one-way clutch 7. 



Moreover, when the pull-in force generated in the magnet switch 
3 is transmitted to the one-way clutch 7 through the lever 8 , the one-way 
clutch 7 is pushed forward so that the pinion shaft 5 is pushed forward 
along the outer surface of the output shaft 4 (to the left side in FIG. 
1). In this way, the pinion 6 fitted on the pinion shaft 5 meshes with 
a ring gear of an engine (not shown) so that the ring gear rotates. 

After the engine is started by the rotation of the ring gear, when 
the key switch is turned off, en electric current to the winding 3b is 
shut off so that the pull-in force of the magnet switch 3 extinguishes. 
Therefore, the plunger 3a returns to a stationary position (position in 
FIG. 1) . At this time, a power returning the plunger 3a to the stationary 
position is transmitted to the one-way clutch 7 through the lever 8 . Then, 
the pinion shaft 5 is integrally pulled back along the output shaft 4 
with the one-way clutch 7 (in the right direction in FIG. 1) . The pinion 
6 moves away from the ring gear and returns to the stationary position. 
Further, due to disconnection of the inner contact in the magnet switch 
3 , the electric current to the armature is shut of f to stop armature rotation . 

In the present embodiment, the starter 1 has the tapered wall 13b 
defining the recess 13 and the tapered surface 12b of the detent ring 
12 so that a press -contacting force generated by the detent ring 12 is 
applied to the front end surface 6b of the pinion 6. As a result, the 
rear end surface 6a of the pinion 6 press -contacts the thrust receiving 
wall 6b of the pinion shaft 5 so that the pinion 6 is restricted from 
moving backward, while the front end surface 6b is pressed axially backward 
through the detent ring 12. Thus, the pinion 6 is press-fitted to the 
pinion shaft 5 so that the movement in the axial direction is restricted. 
Moreover, the pinion 6 is suppressed from being abraded by fretting due 



to small vibrations. Furthermore, since the vibrations of the pinion 6 
against the pinion shaft 5 is suppressed, an abrasion of the ring gear 
and a harsh rattling sound are sufficiently reduced. 

Further, in the present embodiment, the cover 14 is provided at 
the front end of the pinion shaft 5 to cover the outer periphery of the 
detent ring 12 . Therefore, the detent ring 12 is restricted from expanding 
in the radial direction due to centrifugal force while the pinion shaft 
5 rotates at high speeds. Accordingly, the detent ring 12 is restricted 
from disengaging from the pinion shaft 5. 

Here, the distance Ll is set larger than the distance L2 (L1>L2) 
in order to effectively apply the wedging force of the detent ring 12 
against the pinion 6 . Also , the distance Ll may be set equal to the distance 
L2 (L1=L2) . In this case, the pinion 6 is pressed in the axial direction 
through the detent ring 12. 

(Second Embodiment) 

A second embodiment shows an example, in which the detent ring 12 
generates resiliency for pressing the pinion 6 backward in a state that 
the detent ring 12 is fitted in the recess 13 provided on the pinion shaft 
5. 

As shown in FIG. 4, the detent ring 12 is fitted in the recess 13 
in such a manner that the inner periphery of the detent ring 12 is attached 
to the front rising wall 13c defining the recess 13 while the outer periphery 
of the detent ring 12 is attached to the front end surface 6b of the pinion 
6. Thus, the detent ring 12 is fitted while being resiliently deformed 
between the front rising wall 13c defining the recess 13 and the front 
end surface 6b of the pinion 6b. 

Since the detent ring 12 functions as a coned disc spring, the 



resiliency of the detent ring 12 is applied to the front end surface 6b 
of the pinion 6 so that the pinion 6 is pressed axially backward. Thus, 
the pinion 6 is press-fitted against the pinion shaft 5. FIG. 5 shows 
an example of the detent ring 12 used in the present embodiment. 
5 In this embodiment , it is not always necessary to set the distance 

LI larger than the distance L2 (Ll>L2 ) , but may be set equal to the distance 
L2 (Ll=L2). Further, the distance LI may be smaller than the distance 
L2 (LKL2) as long as the resiliency of the detent ring 12 is applied 
to the pinion 6. 
1© (Third embodiment) 

■'■%<™ 

y.I As shown in FIG. 6, in the present embodiment, a structure for 

j=l preventing the vibrations of the pinion 6 against the pinion shaft 5 differs 
Ui from that in the first embodiment. Since a fundamental structure of the 
f starter 1 shown in FIG. 6 is similar to that of the first embodiment shown 

iff in FIG. 1, a description is simplified. 

As shown in FIG. 7, splines 5a are formed on the outer peripheral 
r " surface of the front end portion of the pinion shaft 5. At the rear end 
of the splines 5a of the pinion shaft 5, the thrust receiving wall 5b 
is provided to restrict the pinion 6 from moving axially backward. Also, 
20 the circumferential recess 13 is provided on the outer peripheral surface 

of the front end portion of the pinion shaft 5, and the detent ring 12 
(e.g. C-clip) is fitted therein. 

The pinion 6 is connected to the pinion shaft 5 through splines 
5a and restricted from moving axially forward by press -contacting the 
25 front end surface of the pinion 6 against the detent ring 12. A spring 

chamber is provided between the inner periphery of the rear end portion 
of the pinion 6 and the pinion shaft 5 (see FIG. 7). A pring 15 to be 
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connected to the pinion 6 and the pinion shaft 5 are arranged in the spring 
chamber* 

As shown in FIG* 7, a part of the rear surface of the pinion 6 which 
corresponds to the outer peripheral side of the spring chamber is protruded 
5 backward. The rear surface 6a of the protrusion adjacently faces to the 

thrust receiving wall 5b of the pinion shaft 5 in the axial direction. 

One end of the spring 15 is connected to the front rising wall defining 
the spring chamber and the other end of the spring 15 is connected to 
the thrust receiving wall 5b of the pinion shaft 5 . Therefore, the pinion 
llH 6 is pressed axially forward against the pinion shaft 5. Moreover, the 

a J front end surface of the pinion 6 is pressed against the detent ring 12 

y so that the pinion 6 is restricted from moving in the axial direction. 

l:J Further, the cover 14 is provided over the front end portion of 

the pinion shaft 5. As shown in FIG. 7, the cover 14 surrounds the detent 
fiS ring 12 and the outer periphery of the cover 14 is fitted in the 

SH circumferential groove 6c of the pinion 6. 

IN* In the above structure, the pinion 6 is restricted from moving the 

axial direction against the pinion shaft 5 by being pressed to the detent 
ring 12 by the spring 1 5 so that the vibrations of the pinion 6 is suppressed . 

20 Since the rear end surface 6a of the pinion 6 is adjacently provided 

to the thrust receiving wall 5b of the pinion shaft 5 in the axial direction, 
the rear surface 6a of the pinion 6 presses the thrust receiving wall 
5b of the pinion shaft 5 when the pinion 6 meshes with the ring gear. 
Therefore, the pinion 6 is restricted from inclining against the pinion 

25 shaft 5 so that the pinion 6 is successfully meshed with the ring gear. 

Moreover, an axially forward movement of the pinion 6 is restricted 
only by a single component of the detent ring 12. Therefore, the length 



-11- 



of the pinion shaft 5 which protrudes ahead of the pinion 6 is shortened 
so that the axial length of the starter 1 can be decreased. 

Further, the cover 14 is arranged over the front end portion of 
the pinion shaft 5 , thereby prevent ing entering of foreign materials between 
5 the pinion 6 and the pinion shaft 5. Therefore, the starter 1 provides 

dust-proof ness . 

In the third embodiment, the spring 15 is used as a pressing member 
for pressing the pinion 6 axially forward. As shown in FIG* 8, an elastic 
member 16 such as rubber may be used in place of the spring 15. 
J!Q The present invention should not be limited to the disclosed 

y;! embodiments , but may be implemented in other ways without depending from 

: \| the spirit of the invention. 

X- ■ ■ 
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